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Frontiers of Particle Physics

® #I| Priority in particle physics is to test the Standard
Model, and hopefully find new physics beyond the SM
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FFAG ERL for Particle Physics

® High current enables higher —m

Energy(®

precision measurements, Power 12 3 MW
sensitivity to smaller cross — - o
. Bunch frequency 1300 1300 MHz
SECtlonS for rare Processes Normalized Emittance, , 0.3 0.3 mm-mrad
Bunch duration 2 2 ps
® We recently began exploring =&/ - e
Polarization 0 90 %

opportunities for particle
P hys i Cs eXPe ri m e nts @ F FAG CORNELL UNIVERSITY, JUNE 17-19, 2015

CORNELL LABORATORY FOR ACCELERATOR-BASED SCIENCES AND EDUCATION — CLASSE
E R L Registration will close on May 31, 2015. QlliCk Lil’lkS

With the advent of high power photoinjectors and high performance superconducting RF
acceleration, there is the potential for low energy electron beams with currents up to 10

6 ¢ o o times higher that those generally available today. This workshop will explore the physics Program
opportunities that will be opened up by such beams, focusing on parity violation, the .
OrkSnop on SICS Wi - - s, Cenealiomatin
search for dark matter, dark photons and axions, and electromagnetic nuclear physics,
as well as the accelerator, detector, target and polarimetry technologies that make them Electron beams
b B possible. Discussion will focus on electron beams with energies up to 500 MeV and Registration
n te n S e e Ct rO n e a I I I S at electron current of up to 100 mA (unpolarized) and 10 mA (polarized) with energy
very, with the goal of answering: Participants
Accommo dations
Orne neXt Wee ( une 1. What is the potential reach of experiments very intense low energy electron
eeeee Travel
2. What technical challenges need to be overcome to reach those goals? Vi
isas

http://www.classe.cornell.edu/NewsAndEvents/IEBWorkshop/
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Why Weak Couplings!?

® Motivation for new weakly-coupled particles is
provided by the existence of dark matter
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Dark Matter & Dark Sectors

DM 23%: may well be

I Dark E
equally rich! \ k Bnergy

Matter)

Light Neutrinos

0.005% 0.0034%

. SM 47%: rich structure,
“ only a small subset of
states are ‘“abundant”




Dark Matter & Dark Photon

gravity + X

“Dark” matter means interactions with the SM < EM strength (o = 1/137)

Natural to consider two sectors, with EM-strength interactions within each
one, but only feeble “portal” interactions between them

We know that Dark Sector gravitates, but is there any other portal?

A generic possibility is Dark Photon: almost inevitable if the Dark Sector
contains “dark electromagnetism”
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Dark Photon Searches

Mixing induces coupling of DP to SM quarks/leptons, o ¢ €
Parameters: M y/, €

DP may dominantly decay either to e+e-, or to dark sector states
(“invisible™)

Loops of DP may contribute to muon g-2, potentially explain E821
anomaly ( 3.60 deviation from the SM)

Dark Photon (invisible decay)
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Upshot:
e > 1073
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DR smiati) = Part of a region
Dark Photon Mass m,, (MeV/cz) N gfl\,,.\llm R o« o
explaining g-2
Visible: A" — ete™ Invisible: A" — vy still alive!
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DarkLight Experiment

DarkLight Phase | now under
construction (run at JLab FEL in 2015
or 16?)

Feasibility study for FFAG ERL is in

progress by Cornell+MIT group [R. Milner
et al]

High current allows for improved
reach in £

High current sf» compact target =j»
vertex reconstruction, especially useful

for invisible DP search

Internal target fulfilling DarkLight

requirements seems compatible with
FFAG ERL design [C.Mayes]




Proton Charge Radius

0.6,
“8-sigma” discrepancy! = 05
L s 04
Antognini et al. (2013) | o _" i Ev 03
Pohl et al. (2010 i HOTHE TN S e
@00 502
Melnikov et al. (2000) ARY N (? 0-17/, S
e e . 100y |+ T 2bemie data - %1 1 10 100
my (MeV)
Zhan et al. (2011) [~ ) .
sy | o cntering dote Scalar coupled to /4 but not €
L T can explain both Rp and g-2

0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92

TE [fm]

[ Tucker-Smith, Yavin, 1 0]

Value extracted from elastic ep scattering subject to errors from
extrapolation to zero momentum transfer:

100 ¢
10 F 2 .
= o V
d = ' F ? ; E Potential reach of ERL-
ry = —6h" —Gp(Q%) Zo1 [ . FFAG with an A1 style
do 02=0 ool L __ detector and point-like
I ] target
0.001 | | | | | | | | |
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 (courtesy J. Bernauer).
Year
o Andivahis o Borkowski o Janssens Rock Walker
o Bartel o Bosted o Litt Sill
o Berger o Christy o Price o Simon
o Bernauer o Goitein o Qattan o Stein
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Proton Weak Charge

0-245 IIIII LILLLLLLL LLLLLLLL LU LLLLLLLL LLLLLLLL LI

— SM
+ published
ongoing
0.240| ® planned
Nié ]QW(CsJ
Parity-Violating Asymmetry
APV:% +- = electron helicity 0230 R
O +0
is related to the Weinberg angle [G V] 500
u[Ge .
_GrO? precise Z-pole
AT = (0 — F(0Y), icti t
47201 test SM prediction for measurements
v =1—4sin’(6w) running to low energies

® Example:if dark sector contains a copy of SM, new P-violation
at low energies due to mixing of dark photon with “dark Z”

[Davoudiasl, Lee, Marciano, |2]
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Proton Weak Charge

® Ongoing/planned experiments
(Qweak/P2) will achieve

.9,
A sin” Gy

— — (.3% 0.15%
SIn“ Gy

® May be advantageous to go to

higher energies, ~500 MeV vs. 200
MeV at MESA - could be a good fit

for Cornell [R.Carlini]

Required high internal target density
is a challenge for this experiment at

FFAG ERL - needs further thought
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INTENSE ELECTRON BEAMS WORKSHOP

CORNELL UNIVERSITY, JUNE 17-19, 2015

CORNELL LABORATORY FOR ACCELERATOR-BASED SCIENCES AND EDUCATION — CLASSE
Registration will close on May 31, 2015. QUiCk Links

With the advent of high power photoinjectors and high performance superconducting RF

acceleration, there is the potential for low energy electron beams with currents up to 10

times higher that those generally available today. This workshop will explore the physics Program

opportunities that will be opened up by such beams, focusing on parity violation, the )

. . . General Information

search for dark matter, dark photons and axions, and electromagnetic nuclear physics,

as well as the accelerator, detector, target and polarimetry technologies that make them Electron beams

possible. Discussion will focus on electron beams with energies up to 500 MeV and ) i
Registration

electron current of up to 100 mA (unpolarized) and 10 mA (polarized) with energy

recovery, with the goal of answering: Participants

Accommodations
1. Whatis the potential reach of experiments using very intense low energy electron

beams? Travel

2. What technical challenges need to be overcome to reach those goals? Visas

Working Groups Local Attractions

e Npe ot ee L ) ) Organizing Committee
® Parity Violation -- co-conveners: Kent Paschke (U. Virginia), Maxim Perelstein (Cornell)\

e Dark Matter, Dark Photons, Axions -- co-conveners: Gordan Krnjaic (Perimeter Inst.), Contact Information
Bogdan Wojtsekhowski (JLAB), Philip Schuster (Perimeter Inst.)

e Electromagnetic nuclear physics -- co-conveners: Jan Bernauer (MIT), Ronald Gilman WG Repo I"tS Wi ” focus
(Rutgers) . o . h
® Technology -- co-conveners: Vadim Ptitsyn (BNL), Joe Grames (JLAB), Alexander Nass On Opportu n Itles In t ese

\__uen /) areas - STAY TUNED!

hitp://www.classe.cornell.edu/NewsAndEvents/IEBWorkshop/
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